Revolution in airplane construction?  Grob G110:  The first modern fiber glass composition airplane shortly before its maiden flight by Dorpinghaus, R.
c/ 
NASA TEChNTCAL MEMORANDUM NASA TW-76705 
REVOLUTI3N IN A I R P L A N E  C 3 N S T R U C T I O N ?  GROS G110: THE F I R S T  MODERN 
F I B E R  GLASS C3MPOSITION AIRPLANE SHORTLY 3EFORE ITS I4AIDEN FLIGHT 
3. Dorpinghaus 
T r a n s l a t i o n  of  "Revo lut ion  in Xotorflugzeugbau? Crob G 110: Das 
k r s t e  Hoderne CfK-Motorflugzeug Kurz Vor Den Ers t f lug" ,Aerakur ier ,  
No. 12 ,  GeceriCer 1981, pp. 1550-1555. 
;(AT IO IJA L A ER3 N A UT I C S A N i l  SPA C E A DM I N I S TR AT IO iJ 
XASHINGTON D. C. 20546 PIARCH 1982 
https://ntrs.nasa.gov/search.jsp?R=19820014372 2020-03-21T08:15:07+00:00Z
I lrrryI NASA TH-767Q5 [a”-”-- ~ iawa--;-l 
s.””?kARCH 1 82 
-c.L 
a-4- REVOLUTION I14 AIFtPLANE 
CONSTRUCTION? GROB G110: THE FIRST 
MODERN FIBER GLASS COMPOSITION AIRPLANE 
L -  I =-- 
Translation of “Revolution in Motorflugzeugbau? Grob G 110: Das 
Erste Yoderne GfK-Motorflugzeug Kurz Vor Dem Erstflug“, 
Aerokurier, No. 12, December 1981, pp. 1550-1555. 
I 
w u---y‘ 
This nagazine article inti*oduces a neiJ single engine 
two-passenger a i rp lane ,  
f iber reinforced p l a s t i c  materials. 
The cockpit ,  con t ro l s ,  uirtg profi le ,  landing gea-. are all 
discussed. Further developmefit of‘ t h i s  airframe’ is also . 
presented. 
It is conqtructed completely fro?, 

t e s t i n g  o f  t h e  G 110 w i l l  o ccu r  r a p i d l y ,  so t h a t  i n  t h e  f o l l o w i n g  
year, s e r i o u s  p roduc t ion  can start .  
The G 110, w e  would l i k e  t o  s t a t e ,  1s only  t h e  first pre- 
c u r s o r  o f  an  e n t i r e  series o f  motor ized  a i r c r a f t  now b e i n g  p lanned  
by Grob, e x t e n d i n g  from a l i g h t  two-sea te r  a i r c r a f t  up t o  a 200 HP 
four -passenger  a i r c r a f t  w i t h  r e t r a c t a b l e  l a n d i n g  gear. Grob has 
des igned  a peak speed o f  far above 300 k m h  f o r  t h i s  a i r c r a f t .  
Because of t h e  GFK c o n s t r u c t i o n  method, t h i s  new motor ized  a i r c r a f t  
f a m l l y  w i l l  o f f e r  an a t t r a c t i v e  performance spectrum whi h was 
d i f f i c u l t  t o  o b t a i n  u s i n g  conven t iona l  materials up t o  t h e  p r e s e n t .  
Already f o r  t he  two-seac C 110 an 87 kW (118 HP) e n g i n e  has a 
des igned  speed o f  250 km/h f o r  75% power. I n  o r d e r  t o  a l s o  o f f e r  
t h e  G 110  as a p u l l i n g  a i rcraf t ,  probably  a 1 2 0  kW (160 HP) v e r s i o n  
w i l l  soon appear, and a rope  r e t r a c t i o n  s y s t e m  ( S t o l l e  s y s t e m )  is  
planned f o r  i t  i n  o r d e r  t o  save  having  t o  o v e r f l y  a i r p o r t s  where one 
cannot  land  w i t h  t h e  rope.  
The G 110 r e p r e s e n t s  a long  overdue development.  F i n a l l y ,  i t  
seems p o s s i b l e  t h a t  t h e  know-how of t h e  German G F K  ( f i be r  r e i n f o r c e d  
p l a s t i c )  g l i d e r  a i r c r a f t  c o n s t r u c t i o n  method known everywhere i n  t h e  
world w i l l  be t r a n s f e r r e d  t o  o t h e r  r e g i o n s  o f  a v i a t i o n .  I f  t h e  
Grob GFK motorized a i r c r a f t  f a m i l y  i s  s u c c e s s f u l ,  and there i s  eve ry  
i n d i e a t i o n  o f  t h i s ,  t h e n  d u r i n g  t h e  80's there  could  be a technolo-  
g i c a l  r e v o l u t i o n  which occur red  d u r i n g  t h e  70's i n  t h e  area o f  
g l i d e r  a i r c r a f t  c o n s t r u c t i o n .  The Grob G l l G ,  i n  any c a s e ,  i s  a 
development,  t h e  e f f e c t s  of  which cannot  y e t  be f o r e s e e n  f o r  f u t u r e  
motorized a i r c r a f t  c o n s t r u c t i o n .  
As Burkhart  Grob s ta ted i n  a d i s c u s s i o n  w i t h  t h e  Aerokur ie r  
Magazine, t h e  G 1 1 0  w i l l  be p r i c e d  about  i n  t h e  r ange  of a i r c r a f t  
having  t h e  same power w i t h  conven t iona l  c o n s t r u c t i o n .  11551 
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Has any p i l o t  who has r u n  h i s  hand o v e r  t h e  b e a u t i f u i  s u r f a c e  
of a modern GFK g l i d e r  no t  asked h imsel f  whether  t h i s  wonderful  
material could  n o t  be used f o r  moto i ized  a i rc raf t  c o n s t r u c t i o n ?  
The w e l l  developed aerodynamics o f  modern g l ide r s  always posed the  
q u e s t i o n  t o  motor ized  p i l o t s ,  why i t  was no t  p o s s i b l e  t o  expend some 
aerodynamic e f f o r t  for motor ized  a i rc raf t ,  and the reby  improve t h e  
performance which h a s  s t a g n a t e d  f o r  a l o n g  t i m e ,  i n  order  t o  r educe  
drag and t h e n  r educe  f u e l  consumption, u s i n g  t h e  improved s u r f a c e  
q u a l i t y  of t h e  GFK c o n s t r u c t i o n  method. 
T h e r e  ?lave been many a t t e m p t s  t o  u s e  GFK t echnology i n  motor- 
i z e d  a i r c r a f t  c o n s t r u c t i o n  i n  t h e  past. We o n l y  have t o  reca l l  t h e  
LFU 205, t h e  p r o t o t y p e  of Wassmer A v i a t i o n ,  and i n  t h e  USA, t h e  
Windekker Eagle .  A l l  o f  these attempts had one f e a t u r e  i n  common, 
even though t h e y  were d i f f e r e n t :  s t a r t i n g  w i t h  t h e  d e s i g n ,  for these 
a i rc raf t  o n l y  p r e v i o u s  materials, u s u a l l y  metal o r  wood, were sub-  
s t i t u t e d  by GFK. It was o n l y  i n  a few cases t h a t  attempts were 
made t o  deve lop  a new s h e l l  c o n s t r u c t i o n  method a p p r o p r i a t e  f o r  t h e  
G F K  material, which  would comple te ly  e x p l o i t  t h e  advan tages  o f  t h i s  
new material. 
This i s  t h e  area i n  which German g l i ae r  c o n s t r u c t i o n  has  pro- 
gressed s u b s t a n t i a l l y  o v e r  t h e  l as t  f e w  years. What has been hap- 
pening  i s  e q u i v a l e n t  t o  a r e v o l u t i o n  i n  a i r c r a f t  c o n s t r u c t i o n .  
The Grob A i r c r a f t  C o n s t r u c t i o n  Company was t h e  first German 
manufac turer  o f  g l i d e r s  who dec ided  t o  e x p l o i t  t h e  h i g h l y  modern 
know-how of g l i d e r  a i r c r a f t  c o n s t r u c t i o n  i n  t h e  area o f  motor ized  
a i r c r a f t  c o n s t r u c t i o n .  While t h i s  A e r o k u r r i e r  Magazine e d i t i o n  was 
b e i n g  d e l i v e r e d ,  t h e  p r o t o t y p e  of t h e  first German moto r i zed  a i r -  
c r a f t  des igned  f o r  mass p r o d u c t i o n  i s  b e i n g  f i n a l i z e d  i n  Mindelheim 
Mattsies. If no unexpected d i f f i c u l t i e s  occur ,  t h e n  t h e  G 110 pro-  
b a b l y  w i l l  e x p e r i e n c e  i t s  maiden f l i g h t  i n  t h i s  year .  
The G 1 1 0  i s  more t h a n  j u s t  t h e  f irst  German G F K  m o t s r i z e d  
a i r c r a f t  developed f o r  mass p roduc t ion .  A t  t h e  same time, i t  i s  
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t h e  f i rs t  motor ized  a i rcraf t  i n  t h e  world which u s e s  t h e  most 
modern GFK s h e l l  c o n s t r u c t i o n  method. Eve ry th ing  t h a t  t h e  Mlndel- 
heim company h a s  developed o v e r  t h e  l a s t  few years ( imprcving  
and s i m p l i f y i n g  t h e  manufac tur ing  of g l i d e r s ) , f o r  t h e  first time i s  
b e i n g  a p p l i e d  f o r  motor ized  a i r c r a f t .  The r e s u l t s  are i m p r e s s i v e :  
Using a n  87 kW (118 HP) eng ine ,  t h e  G 1 1 0  w i t h  on ly  75% power w i l l  
r e a c h  a c r u i s e  speed o f  250 km/h ( c a l c u l a t e d ) .  For  a maximum de- 
p a r t u r e  weight o f  900 k g ,  t h e  G 110 a f te r  t a k e o f f  w i l l  a ch ieve  an  
a s c e n t  performance of b a r e l y  5 m / s .  me payload i s  des igned  f o r  an  
i n c r e a s e .  The empty mass o f  now 560 kg r e s u l t s  i n  an  a d d i t i o n a l  
paylGad o f  340 kg f o r  t h e  t w i n  sea te r  a i r c r a f t ,  wh ich  f o r  f u l l  t a n k s  
and p i l o t  w e i g h t  already cons ide red  of  80 k g ,  s t i l l  a l l o w s  a payload  
o f  160 kg. It i s  a w e l l  known s e c r e t :  t he  G 110 i s  t h e  p r e c u r s o r  
o f  a large motorized a i r c r a f t  f ami ly .  The new GFK t w i n  seater  h a s  
been developed as a p r o t o t y p e ,  and t h e  development d i v i s i o n  o f  t h e  
Grob company has  f o r  a l o n g  time been working on t h e  f u r t h e r  develop-  
ment o f  a four -passenger  z i r c r a f t  which w i l l  p robab ly  be c a l l e d  t h e  
G 111. A t  t h e  end o f  November t h e  A e r o k u r r i e r  Magazine e d i t o r  
v i s i t e d  GTob i n  o r d e r  t o  inform h imsel f  abou t  t h e  motor ized  a i r c r a f t  
development.  O d r  r e p o r t  f o l l o w s :  
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F i r s t  o f  a l l ,  i t  looks  very  e l e g a n t  and c r i s p ,  t h e  G 110. The 
concept  i s  comple te ly  tuned t o  t h e  t e c h n i c a l  p o s s i b i l i t i e s  o f  GFK 
c o n s t r u c t i o n .  F i r s t  o f  a l l ,  we have t h e  very  s l e n d e r  wings w i t h  
large a s p e c t  r a t i o  which is unasua l  f o r  motor ized  a i r c r a f t .  The body 
i s  a l s o  s l e n d e r  i n  h e i g h t  b u t  r a the r  voluminous which means t h a t  
t h e r e  w i l l  b e  no r e s e r v a t i o n s  a b o u t  t h e  space r equ i r emen t s  o f  t w i n  
pzssenge r  a i r c r a f t .  It tapers  i n  a n  e l e g a n t  manner i n t o  a convent ion-  
a l  c o n t r o l  s u r f a c e  assembly. O f  cou r se ,  t h e  G 1 1 0  has a three whee l  
l a n d i n g  gear. 
The motor f a i r i n g  may seem r a t h e r  large a t  f i rs t  g l a n c e ,  b g t  
i t  i s  a l s o  des igned  f o r  growth. 
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For t h e  eng ines ,  Grob s e l e c t e d  t h e  Lycoming 0235 M I  w i t h  87 
kW (118 HP) power at 2800 rpm. It i s  unusual  t h a t  t h i s  motor has 
an a d j u s t a b l e  a i r s c r e w .  This  screw was developed and has t h e  name 
HO-V72G by t h e  p r o p e l l e r  f a c t o r y  Hoffman i n  Rosenheim. Use o f  an 
a d j u s t a b l e  a i r s c r e w  i s  one c o n d i t i o n  t h a t  t h e  performance p o t e n t i a l  
o f  t h e  G 110 can a c t u a l l y  be e x p l o i t e d  because  o f  t h e  h igh  ae ro -  
dynamic q u a l i t y  o f  t h e  a i r f r a m e .  
As is  u s u a l l y  t he  c a s e  i n  a i r c r a f t  i n  t h i s  ca t egory ,  t h e  G 110 
i s  e n t e r e d  from t h e  s i d e .  The p u l p i t  cockp i t  i s  entered.  t h rough  two 
wing doors  on both  s i d e s ,  which open upwards. As a l r e a d y  done 
ea r l i e r  i n  t h e  d e s i g n  of g l i d e r s ,  Grob a g a i n  oTiented  i t s e l f  i n  a 
d e s i g n  of t h e  G 110 c a b i n  u s i n g  s t a n d a r d s  of  the au tomobi le  indus-  
t r y .  T h i s  f i rs t  o f  a l l  s ta r t s  w i t h  t h e  dimensions o f  t h e  c o c k p i t .  
The  p r e v i o u s  type  c o n d i t i o n s  have been overcome which e x i s t  i n  many 
t r a i n i n g  a i r c r a f t .  The quee r  w i d t h  o f  t h e  G 110 c o c k p i t  i n s i d e  i s  
n o t  less than  1 . 2 8  m, a va lue  which cor responds  t o  t h e  space  i n  a 
comfor tab le  medium c l a s s  c a r .  
Burkhart  Grob: The s e a t s  have headrests i n  t h e  G 110 and have 
on ly  l i t t i e  i n  common w i t h  t h e  dir,iensions o f  conven t iona l  seats  I n  
a i r c r a f t  i n  t h i s  ca t egory .  I n s t e a d  t h e y  remind one o f  first c l a s s  
s e a t s  I.n a Boeing 747.  I n  o r d e r  t o  a d j u s t  t o  i n d i v i d u a l  body s i z e ,  
t h e  seats can be d i s p l a c e d  and t h e  armrests can be a d j u s t e d .  They 
are tu rned  forwards t o  load  t h e  luggage area s o  t h a t  t h e  luggage 
compartment o f  t h e  G 1 1 0  i s  e a s i l y  a c c e s s i b l e .  
One of t h e  i n t e r e s t i n g  d e s i g n  f e a t u r e s  of t h e  G 110 i s  t h e  
r e l a t i v e l y  s t e e p  f r o n t  windscreen.  Using model i n v e s t i g a t i o n s ,  
i t  was found t h a t  t h e y  no t  on ly  p rov ide  a very good viewing condi- 
t i o n  i n  t h e  f l i g h t  d i r e c t i o n s ,  b u t  d u r i n g  r o l l - o u t  i t  makes i t  poss- 
i b l e  t o  see t h e  runway a t  a d i s t a n c e  o f  on ly  about  1 0  m i n  f r o n t  o f  
t h e  a i r c r a f t .  
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According t o  i t s  presumable use  as t r a  ling, s p o r t ,  l i g h t -  
work and c r u i s e  airciaaft, t h e  G 1 1 0  has a s t i c k  c o n t r o l  sys tem.  
Exper ience  h a s  shown t h a t  motor ized  a i r c ra f t  p i l o t s  of l i g h t  a i r -  
c r a f t  c l a s s e s  do no t  o b j e c t  t o  a c c n t r o l  s t i c k  i n s t e a d  o f  t h e  
c o n t r o l  horn which i s  sometimes n o t  a p p r o p r i a t e  f o r  t h i s  s i z e  a i r -  
c r a f t .  The fou r - sea t  a i r c r a f t  w i l l  have t h e  c o n t r o l  horn  used i n  
c r u i s e  a i r c r a f t  t oday ,  a c c o r d i n g  t o  Grob. 
PANELS 
Because of t h e  large c a b i n  wid th ,  t h e  G 110 will have a ve ry  
generous  pane l  vJhich would o f f e r  no d i f f i c u l t i e s  t o  i n c o r p o r a t e  
e x t e n s i v e  IFR a v i o n i c s  i n  a l o g i c a l  and a p p r o p r i a t e  manner in t h i s  
a i r c r a f t .  I n  t h e  des ign  o f  t h e  in s t rumen t  board ,  Ctrob d i d  h o t  want 
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t o  i n s t a l l  a "c lock  f a c t o r y " ,  but  t o  have a p a n e l  a p p r o p r i a t e  f o r  
modern ideas. 
As i s  done today ,  t h e  G 110  p a n e l  w i l l  have th ree  area e l emen t s  
c o n t a i n i n g  t h e  i n s t r u m e n t a t i o n  and c o n t r o l  e lements  f o r  t h e  p i l o t  
and c o p i l o t  i n  t h e  f r o n t  a t  t h e  seats and there  w i l l  be a v e r t i c a l  
a v i o n i c s  p a n e l  i n  t h e  c e n t e r .  The p a n e l  s u r f a c e  h a s  an a r t i f i c i a l  
l ea ther - l ike  material and i s  very  b e a u t i f u l .  
The o t h e r  o p e r a t i n g  e lements  must harmonize w i t h  t h e  c a t e g o r y  
and t h e  purpose o f  t h e  a i r c r a f t  acco rd ing  t o  Grob. T h i s  s tarts w i t h  
t h e  f o o t  t i p  brakes  and i n c l u d e s  t h e  mechanical  o p e r a t i o n  o f  t h e  
f laps  and f r i c t i o n  t r i m .  T h i s  s i m p l e  t y p e  of t r i m  i s  made p o s s i b l e  
because Grob dec ided  f o r  a f l e t t n e r  t r i p  rudde r  which as i s  well 
known does no t  e x e r t  any  large f o r c e s  on t h e  o p e r a t i n g  e lements .  
c i e n t  f o r  t h i s  a i rc raf t .  
t r i m  l e v e r  damped by  t h e  f r i c t i o n  brake w i l l  c e r t a i n l y  be s u f f i -  
As far as can b e  seen  from t h e  p r e s e n t  c a b i n  l a y o u t ,  a l l  o f  
t h e  o p e r a t i n g  %loments  w i l l  b e  a r ranged  .In an a p p r o p r i a t e  ergonomic 
way. This  is a l s o  t r u e  f c r  eng ine  o p e r a t i o n  which i r i  t h e  u s u a l  way, 
i n c l u d i n g  p r o p e l l e r  ad jus tmen t ,  i s  a r r a n g e c  i n  a c e n t e r  power conso le .  
J u s t  above t h i s  conso le  there  a r e  t h e  impor tan t  i n s t r u m e n t s  f o r  
engsne moni tor ing .  There i s  t h e  t a n k  s e l e c t i o n  swi t ch  i n  t h e  cen- 
t e r  f o r  s w i t c h i n g  among t h e  area t a n k s .  
We should  a l s o  mention t h e  wing doors when d e s c r i b i n g  t h e  cock- 
p i t .  As a l r e sdy  s ta ted ,  t h e y  open upwards and are  suppor t ed  by  g a s  
s p r i n g s .  Grob r e a l i z e d  t h a t  d i f f i c u l t i e s  had  o c c u r r e d  p r e v i o u l y  i n  
similar d e s i g n s .  I n  many c a s e s  t he re  were problems w i t h  c e i l i n g  so  
t h a t  bo th  r a i n  water could p e n e t r a t e  and w h i s t l i n g  sounds were hea rd .  
Grob cons ide red  t h i s  i n  t h e  development o f  t h e  G 110. S t a r t i n g  w i t h  
t h e  r e a l i z a t i o n  t h a t  t h e  airframe complex i s  deformed i n  f l i g h t  and 
twists, i t  was dec ided  t o  n o t  have t h e  wing door s  o f  t h e  G 110 f i t  
t i g h t l y  but  i n s t e a d ,  t h e y  were designed so t h a t  t h e y  would b e  
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st retched when t h e y  were closed o v e r  t h e  airframe a r c  which pro-  
v i d e s  a r i g i d  connec t ion .  T h i s  makes i t  p o s s i b l e  t o  t r a n s f e r  t w i s t -  
i n g  f o r c e s  t o  t h e  door  as well wi thout  hav ing  l e a k i n g  p o i n t s .  
Before  t h a t ,  these leak h o l e s  were s o  large t h a t  t h e y  cou ld  n o t  be 
covered w i t h  t h e  u s u a l  r u b b e r  l i p s .  
A new kind  o f  door  c o n s t r u c t i o n  has  evolved  a t  Grob which it 
b e l i e v e s  i s  s u f f i c i e n t  f o r  t r a v e l i n g  speeds  o f  up t o  350 km/h. 
I n  o r d e r  t o  o p e r a t e  t h e  door lock ,  there  i s  a l e v e r  which i s  
about  a t  t h e  h e i g h t  o f  t h e  upper  l eg  o f  t h e  p i l o t  and c o p i l o t  and 
by t u r n i n g  i t  by 180°, t h e  two p a r t  door lock  i s  locked  o r  opened. 
The same hand le  passes throligh an  access o u t s i d e  and i s  connected  
w i t h  an aerodynamica l ly  s t r u c t u r e d  hand le .  It i s  des igned  so  t h a t  
t h e  door  of  t h e  G 110 can  b e  opened w i t h  one band. T h i s  overcomes 
one problem which was encoun te red  p r e v i o u s l y  i n  wing door s .  If one 
s t a n d s  on t h e  ground and opens t h e  d o o r ,  t h e n  it always c l o s e s  by 
i t s e l f  because i t  cannot  b e  l i f t e d  up high enough t o  m a i n t a i n  i t s  
p o s i t i o n .  On t h e  o t h e r  hand, i f  one s t a n d s  O,I t h e  s u r f a c e ,  t h e n  it 
i s  d i f f i c u l t  t o  open t h e  door  because one i s  i n  t h e  way o f  t h e  door .  
S ince  t h e  wing door  on ly  has  a small w i d t h  i n  t h e  area of t h e  
wing r o o t ,  i n  t h e  c a s e  o f  t h e  G 1 1 0  i t  shou ld  b e  p o s s i b l e  t o  a ls?  
open t h e  door  when one i s  a l r e a d y  s t a n d i n g  on t h e  wing. 
Burkhar t  Grob: " I n  a i r c r a f t  c o n s t r u c t i o n ,  comfort  shou ld  be 
o f f e r e d  as i s  known from any b e t t e r  medium c lass  c a r .  I n  t h e  1554 
d e s i g n  o f  t h e  G 1 1 0  we e x p l o i t e d  t h e  p o s s i b i l i t i e s  o f  a very  low 
d r a g  GFK a i r f rme .  I n  o t h e r  words, because  o f  t h e  o v e r a l l  more 
f a v o r a b l e  airframe i n  terms of d r a g  it was p o s s i b l e  t o  make t h e  
c a b i n  volume very  large wi thou t  runn ing  h t o  t h e  danger o f  i n c r e a s -  
i n g  t h e  t o t a l  drag o f  t h e  a i r c r a f t  t o  an  unaccep tab le  degree!! ,  
V I S U A L  CONDITIONS 
Today t h e r e  i s  no l o n g e r  an, debate o f  d e s i g n i n g  a n  a i rc raf t  so 
t h a t  i t  o f f e r s  optimum viewing co t ld i t i ons  i n  t h e  f l i g h t  d i r e c t i o n  as 
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B U C K  AND WHITE PHOTObHAtrH 
/ I554 
The C llf! c o n c e p t  h a s  exploited t h e  t e c h n i c a l  oosslbilities 
of g l a s s  f i b e r  r e i n f o r c e d  plastlc c o n s t r u c t i o n .  The exceptionally 
wide  and  spac ious  c o c k p i t  a3s3 o f f e r s  e x c e p t i o n a l  seating c m f o r t  
and  v i e w i n g  p o s s i b i l i t y  
as well a s  t o  a l l  s ides .  The  '3 110 w i l l  b e  an example i n  this 
regard. In addition to t h e  l a rge  and  s t e e p  f r o n t  windscr*ecn  al- 
ready m e n t i o n e d ,  there  arc t w o  large side windows in t h e  d o o r s .  
The G 110 h a s  three f u r t h e r  r ea r  windows which  o v e r a l l  g i v e  a good 
360" vfsibility d u r i n g  f l i g h t  and oil t h e  q r o u n d .  We s h o u l d  a l s o  
men t lon  t h e  f a c t  t h a t  i n  Mattsics a t  t h e  p r e s e n t  t i m n  t ,het*e I s  a 
d e s i g n  f o r  e q u i p p i r i g  t h e  C 110 w i t h  a second s e a t  b e n c h  so t h a t  a 
t h i r d  a d u l t ,  c r  two chlldrcj-ri  c o u l d  be  scct.ed t h e r e .  ::uch a 2 t 2 
sea t  a i r c r a f t  would b e  v e r y  t n t e r e s t t n q  1: 4 c  were equipped w i t h  a 
s t r o n g e r  power y l a n t .  S u c h  a version I s  : d r e a d y  b e i n g  p l a n n e d  at. 
G r o b .  Let u s  c o n s i d e r  t h e  Innards of  t h c  afrframe: a l l  of the 
r*otdr : i  a n d  f l a p s  includjne ;he  vertical ca?t , rol  s u r f a c e  arr. operated 
w i t h  p u s h  rod,;.  T h e w  is  n o t  8 single cor ,%rnl  rope i n  t h e  entirc. 
a i r c r a f t .  The e n t i r e  c o n t r o i  r o d  assembly 1:; s u p p o r t e J  i rPth b a l l -  
bt'arl.,ic;: I n  order .  to have t h e  b e s t  opt-.rat ion p o s s i b l e .  
Also Grob no l o n w r  w l r h e s  Lo use c a s t  elements Tor: t h t s .  A l l  
t h e  p a r t s  of t h e  cctntr*ol p rc  made of' :;tcc*l-wc.lded d e s i g n ,  Qt' < * ) u r : ; ~ . ,  
10 
t h e  suppor t  b l o c k s  a re  a l s o  welded and Grob has developed a k ind  
of  u n i v e r s a l  s o l u t i o n  which was used i n  t h e  e n t i r e  G 109.  I n  t h i s  
area we have t h e  g r e a t e s t  t e c h n i c a l  r e l a t i o n s h i p  between t h e  motor- 
i z e d  g l i d e r  G 109 and t h e  r l ew motor ized  a i r c r a f t  G 110 .  Eveii though 
there  a re  some d i f f e r e n c e s  i n  d e t a i l  and d imens ions ,  t h e  d e s i g n  
p r i n c i p l e s  which were used i n  t h e  G 109 and which proved themse lves  
were a l s o  i n c o r p o r a t e d  i n  t h e  G 110 .  Th- Grob f i r m  a d m i t s  t h a t  
Germany was t h e  f i r s t  G F K  motor ized  g l i d e r  w i t h  p r o t o t y p e  a c c e p t a n c e  
and i t  w i l l  be t h e  same f o r  t h e  G 1 1 0 .  Even though b o t h  a i r c r a f t  
are s l i g h t l y  similar, t e c h n o l o g i c a l l y  t h e y  a r e  very  c l o s e l y  re la ted .  
I n  Mattsies, one o f t e n  speaks  of  t h e  b u i l d i n g  box p r i n c i p l e .  
In  o t h e r  wc-ds, v a s t  areas o f  t h e  i n t e r n a l  i n s t a l l a t i o n  are  des igned  
s o  t h a t  t h e y  can  b e  connec ted  w i t h  one a n o t h e r  w i t h  screws i n  b u i l d -  
i n g  b locks  d u r i n g  manufac tur ing .  
The rea l  advantage o f  t h i :  d e s i g n  p r i n c i p l e  w i l l  be e x p l o i t e d  
i n  t h e  d e s i g n  oL” she  f o u r  pas senge r  a i r c r a f t  cis Grob f i r m l y  b e l i e v e s .  
The b u i l d i n g  b lock  p r i n q i p l e  has two advan tages :  F i x t  of a l l ,  t h e  
des ign  which i s  t h e n  r e l i e v e d  from a large amoi t of  d e t a i l  work. 
Also d u r i n g  t h e  l a t e r  manufac tur ing ,  expens ive  equipment i s  avoided  
and i n d i v i d u a l  e lements  can b e  manufactured i n  large numbers a t  
chepaer  p r i c e  During f i n a l  assembly, t h e  pa r t s  are on ly  acrewed 
t o g e t h e r  j u s t  l i k e  i n  an E r e c t o r  s e t .  It i s  t h e n  p o s s i b l e  t c j  t h e n  
comple te ly  -vo id  e r roneous  assembly work. The par t s  dimply dc\ n o t  
f i t  wher. assembled :he wrong way. I n  para l le l  t o  t h e  development o f  
a b u i l d i n g  b l o c k  sys tem,  there  i s  a l s o  t h e  development of a s t and-  
a r d i z e d  s y s t e m  which w i l l  e s t a b l i s h  lisrmony between a l l  of  t h e  des igned  
e lements .  Af t e r  t h i s  p r e l i m i n a r y  work which was very  e x t e n s i v e ,  i t  
i s  now b e l i e v e d  t h a t  t h e  development ra te  i n  motor ized  a t r c r a f t  con- 
s t r u c t i o n  w i l l  be s u b s t a n t i a l l y  a s c e l e r a t e d .  The i 3 u r  seat  c r u i s e  
a i r c r a f t  w i l l  p r o f i t  t‘rom t h i s  the  most which w i l l  b e  dsve loped  i n  
r e c o r d  t i m e  and may b e  p r e s e n t e d  i n  1982.  
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W I N G  
The c o n s t r u c t i o n  and concep t ion  of  t h e  G 110  wing i s  d e r i v e d  
d i r e c t l y  from e x p e r i e n c e s  w l t h  g l i d e r  c o n s t r u c t i o n .  Nothlng else 
was expec ted  from t h e  Grob company and t n e  G 110 has an  E p p l e r  pro- 
f i l e .  Cons ider  t h e  high expec ted  c r u i s e  speeds ,  i t  i s  believed as 
Grob t n a t  t h i s  p r o f l l e  i s  optimum. According t o  Burkhar t  Grob, t h e  
a d v m t a g e  of t h e  Epp le r  p r o f i l e s  was always t h e  t o p  speed  range .  
The G 110 i s ,  t h e r e f o r e ,  an a i r c r a f t  which w i l l  comple te ly  e x p l o i t  
t h i s  p o s s i b i l i t y .  
I n  t h e  p a s t  a n  impress ion  h a s  been c r e a t e d  as though t h e  deve l -  
opment of new p r o f i l e s  f o r  motor ized  a i r c r a f t  had stood s t i l l .  On 
t h e  o t h e r  hand, i n  gl iders  and i n  t h e  area o f  fast large a i r c ra f t ,  
there  has been much development.  N e w  p r o f i l e  developments  show t h a t  
i t  i n  fact  pays o f f  t o  c a r r y  o u t  e x t e n s i v e  work on p r o f i l e  aerodynam- 
i c s ,  c o n s i d e r i n g  t h e  Ligh f u e l  c o s t s  o f  t o d a y ,  i n  order t o  e x p l a i t  
a l l  p o s s i b i l i t i e s  o f  r e d u c i n g  drag. 
EPPLER PROFILE 
The Beech Sk ippe r  and t h e  P i p e r  Tomahawk are  two a i r c r a f t  which  
are  new developments c c  t h e  most r e c e n t  p a s t  and t h e s e  had a new 
p r o f i l e .  Both a i r c r a f t  used t h e  G A ( W ) - 1  deve l Iped  by NASA e s p e c i a l l y  
f o r  g e n e r a l  a v i a t i o n .  This p r o f i l e  t h e n  l e d  t o  i n t e n s i v e  p r o f i l e  
r e s e a r c h  f o r  motorized a i r c ra f t  c o n s t r u c t  i o n .  
Grob dec ided  on t h e  E p p l e r  p r o f i l e  as could  be  expec ted ,  more 
p r e c i s e l y ,  tile E 789. There are e s p e c i a l l y  two impor t an t  p r o p e r t i e s  
of  t h i s  p r o f i l e  which were advantageous:  I t s  f a v o r a b l e  d r a g  c o e f f i -  
c i e n t s  f o r  fast f l i g h t  and i t s  ha rmlessness  f o r  slow f l i g h t .  As 
prev ious  e x p e r i e n c e  shows, i n  p r a c t i c e  i t  seems imposs ib l e  t o  rn..i.e 
t h e  flow s e p a r a t e  i n  t h i s  p r o f i i e .  Grob was, t h e r e f o r e ,  able  t o  
avo id  one r e s t r i c t i o n  f o r  t h e  wing o f  t h e  G 110.  The wing o f  t h e  
G 110  i s  r e s t r i c t e d  n e i t h e r  g e o m e t r i c a l l y  n o r  aerodynamica l ly .  
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I n  a d d i t i o n  t o  t h e  advantages  o f  t h  Epp le r  p r o f i l e ,  Grob a l s o  
s e l e c t e d  a l i f t i n g  s u r f a c e  o f  12.25 m which i s  a r e l a t i v e l y  large 
wing area i n  o r d e r  t o  have a r e l a t i v e l y  low area l o a d i n g  and u n c r i -  
t i c a l  f l i g h t  p r o p e r t i e s ,  as w e l l  as low t a k e o f f  and l a n d i n g  speeds .  
This is  very  impor t an t  because  t y p i c a l  c e n t r a l  European a i r p o r t s  
i n  comparison t o  t h e  USA, are s h o r t  and u s u a l l y  poor .  The re fo re ,  
one would expec t  t h a t  a European a i r c r a f t  would take these restr ic-  
t i o n s  i n t o  c o n s i d e r a t  i on .  
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The s h o r t e s t  p o s s i b l e  t a k e o f f  d i s t a n c e ,  however, i s  no t  on ly  
advantageous i n  terms of sa fe ty ,  it is a l s o  env i ronmen ta l ly  f r i e n d l y .  
The faster an a i r c r a f t  is i n  t h e  a i r ,  t h e  faster it w i l l  r each  a l t i -  
t u d e  a f t e r  l i f t o f f  and t h e  smaller w i l l  b e  t h e  n o i s e  l o a d  on the  
p o p u l a t i o n .  
The l a n d i n g  f l a p s  of  t h e  G 110 ex tend  o v e r  2/3 o f  t h e  span.  
The i a n d i n g  p o s i t i o n  is 1 5 O .  For l a n d i n g  approach a range between 
45 and 60° could  b e  used b u t  Grob does  n o t  w i s n  t o  u s e  a f lap pos i -  
t i o n  which i s  t o o  s t e e p  i n  o r d e r  t o  avo id  d i f f i c u l t i e s  when go ing  
around a g a i n .  F l i g h t  t e s t i n g  w i l l  decide  t h i s .  The f l a p s  are 
o p e r a t e d  manually through a l e v e r  between both  f e e t .  Because o f  t h e  
r e l a t i v e l y  t h i c k  Eppler  ; y o f i l e s ,  tbere  are no problems wi th  wing 
i n s t a l l e d  components e s p e c i a l l y  Rot f o r  t h e  area t a n k s  which bo th  
h o l d  70 l i t e r s .  The t h i c k n e s s  of t h e  Epp le r  p r o f i l e  does n o t  have a 
n e g a t i v e  e f f e c t  on t h e  d r a g  ba lance  o f  t h e  a i r c r a f t  whi:h is  no t  
g e n e r a l l y  known. 
I n  o r d e r  t o  n o t  i n f l u e n c e  t h e  aerodynamic q u a l i t y  of t h e  wing, 
there are closure cove r s  which are c a r e f u l l y  i n t e g r a t e d  i n t o  t h e  
s u r f a c e .  
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Thanks t o  t h e  Eppler  p r o f i l e  and a f a v o r a b l e  area l o a d i n g ,  t h e  
G 110 i s  flown w i t h  an approach speed o f  about  100 km/h (60 k t s ) .  
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L A N D I N G  GEAR 
Grob u s e s  t h e  e x p e r i e n c e s  w i t h  t h e  motor ized  g l i d e r  G 109 
f o r  t h e  l a n d i n g  gear o f  t h e  G 110. I n  o t h e r  words,  t h e  G 110  does 
n o t  have GFK b u t  i n s t e a d  s t ee l  s p r i n g  legs. Burkhar t  Grob: "It 
d o e s  n o t  make s e n s e  t o  u s e  t h e  material which is o n l y  c o n d i t i o n a l l y  
s u i t e d  i f  o ther  materials are a v a i l a b l e  which comple te ly  s a t i s f y  
t h e  a p p l i c a t i o n " .  
O f  cou r se ,  t h e  G 110 has a nose  l a n d i n g  gear because  i t  i s  a 
motor ized  a i r c r a f t .  On t h e  ground, t b e  nose  whee l  i s  c o n t r o l l e d  
w i t h  s p r i n g s .  S t a r t i n g  w i t h  a c e r t a i n  s ideways d e f l e c t i o n ,  t h e  
nose  wheel ,  however, w i l l  d i s engage  so t h a t  c l o s e  maneuvering i s  
made easier.  
Because of t h e  high c r u i s e  speed ,  t h e  main and nose  l a n d i n g  
gear wheels w i l l  be  s u p p l i e d  w i t h  wheels  cowl ings  i n  mass p r o d u c t i o n .  
According t o  Burkhart  Grob, an a t t e m p t  i s  b e i n g  made t o  o f f e r  a 
complete  aiwcraft a t  a f i x e d  p r i c e .  The u s u a l  o p t i o n  l i s ts  w i l l  
r e f e r  f o r  t h e  most p a r t  t o  a v i o n i c s  and a d d i t i o n a l  equipment.  
CONTROL SURFACE 
For many peop le  i t  w i l l  b? s u r p r i s i n g  t h a t  t h e  G 110 does  n o t  
have a T o r  cross  c o n t r o l  s u r f a c e  s y s t e m ,  however, b u t  b a s  a con- 
v e n t i o n a l  c o n t r o l  s u r f a c e  s y s t e m ,  as has been used many y e a r s  ago 
and h a s  been cal led o l d  f a sh ioned .  An a i r c r a f t  c o n t r o l  s u r f a c e  i s  
such  a s e r i o u s  matter i n  terms of h a n d l i n g  and f l i g h t  p r o p e r t i e s ,  
t h a t  on ly  d e s i g n  and n e v e r  f a s h i o n a b l e  a s p e c t s  are t o  be cons ideped .  
P rev ious  aerodynamic a n a l y s e s  have shown t h a t  c o n v e n t i o n a l  c o n t r o l  
s u r f a c e s  o f  t h e  G 110 a re  s u p e r i o r  t o  o t h e r  k i n d s  of  c o n t r o l  s u r -  
f a c e  s y s t e m s .  T h e r e f o r e ,  i t  i s  c o r r e c t  t h a t  Grob has  se lec ted  t h i s  
s y s t e m  and i s  n o t  f o l l o w i n g  any f a s h i o n .  
I n  an  e a r l i e r  d e s i g n  stage t h e  G 110 was p lanned  w i t h  a T con- 
t r o l  s u r f a c e  b u t  i t  was dropped d u r i n g  t h e  development.  
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The f i n a l  d e c i s i o n  ab u t  t h e  optimum c o n t r o l  s u r f a c e  d e s i g n ,  
D? c o u r s e ,  can on ly  be done d u r i n g  f l i g h t  t e s t s ,  which w i l l  ; t a r t  
s h o r t l y  . 
Dis rega rd ing  aerodynamics and f l i g h t  mechanics ,  t h e  convent ion-  
a l  c o n t r o l  s u r f a c e  h a s  many des ign  advantages .  It a l l o w s  a great 
s a v i n g s  i n  weight  e s p e c i a l l y  f o r  f a s t  a i r c r a f t  by r e d u c i n g  t h e  
d e s i g n  weights  f o r  t h e  s ide  c o n t r o l  s u r f a c e  and t h e  e l e v a t o r  con- 
t r o l .  s u r f a c e .  
CARBON 
The G 1 1 0  w i l l  a l s o  p r o f i t  w i t h  expe r i ence  w i t h  carbon f i b e r s ,  
as have been a t t a i n e d  f o r  g l i d e r  c o n s t r u c t i c n .  Even though t h e  
material K f K  ( ca rbon  r e i n f o r c e d  p l a s t i c )  h a s  on ly  been used seldom- 
l y .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  the r u d d e r s  which are e q u a l i z e d  
by 100% i n  mass. I n  t h i s  way i t  i s  p o s s i b l e  t o  reduce  t h e  rudde r  
weight t o  about  one h a l f .  
The door  frames are a l s o  made of  K f K  (carbon r e i n f o r c e d  p l a s -  
t i c )  i n  o r d e r  t o  save  w e i g h t  and t o  a c h i e v e  s u f f i c i e n t  s t f f f n e s s .  
A mixed use  of G f K  ( g l a s s  f i b e r  r e i n f o r c e d  p l a s t i c )  and i. .; (carbon 
r e i n f o r c e d  p l a s t i c )  i s  n o t  advan tageo i s  because o f  t h e  d i f f e r e n t  
e ias t i c i  t y  c o n d i t i o n s  . 
GLIDZR TOWJNG AIRCRAFT 
Grob p l a n s  t o  o f f e r  t h e  G 110 w i t h  e n g i n e s  o f  v a r i o u s  p e r f o r -  
mance c l a s s e s .  I n  t h e  s i m p l e s t  d e s i g n ,  t h e  G 1 1 0  w i l l  have an  87 
kW (118 H P )  Lycoming 0-235-Ml eng ine ,  and i n  c o n j u n c t i o n  w i t h  t h e  
Hoffman a d j u s t a b l e  a i r s c r e w ,  t h i s  w i l l  b e  a ra ther  fas t  c r u i s e  a i r -  
c r a f t .  The G 110 w i l l  become a sma l l  r o c k e t  i f  as planned i t  i s  
equipped w i t h  a l o 0  HP motor. Rather a t t r a c t i v e  performances f o r  
g l i d e r  towing w i l l  be expec ted  from t h i s  v e r s i o n  and t h e  1 6 0  HP 
eng ine  w i l l  l i m i t  t h e  f u e l  c o s t s  as wel l .  Grob w i l l  equ ip  t h e  
15 
g l i d , ? r  towing v e r s i o n  o f  t h e  G 110 w i t h  a rope  r e t r a c t i o n  s y s t e m  
i f  d e s i r e d ,  which w i l l  r o l l  i n t o  t h e  a i r c r a f t  a f t e r  t h e  g l ide r  
h a s  separated. T h i s  w i l l  make i t  unnecessary  t o  drop  t h e  rope  
which i s  no t  p o s s i b l e  a t  many a i r p o r t s .  
The G f K  a i r c r a f t  G 110 i s  o f f e r e d  i n  whi te ,  b u t  a c c e n t  c o l o r s  
f c i  t h e  s ide  and wing end s t r i p s  are p o s s i b l e .  B a s i c a l l y ,  t he  GfK 
m:jtclrized a i r c r a f t  can also be d e l i v e r e d  i n  br ight  c o l o r s  b u t  no 
exper iments  w i l l  be made i n  t h i s  regard i n  t h e  G 110 and l a t e r  
motorized a i r c r a f t  w i l l  on ly  be d e l i v e r e d  i n  w h i t e .  
If  one c o n s i d e r s  t h a t  most motor ized  a i r c r a f t  made of metal 
a re  , ;p rayed  i n  w h i t e  as a b a s i c  c o l o r ,  t h e n  there w i l l  h a r d l y  be 
prcklems w i t h  desired c o l o r s .  Burkhar t  Grob: It does n o t  make 
s e n s c  t o  p a i n t  o u r  a i r c r a f t  i n  m e t a l l l c  c o l o r s .  Otherwise,  some 
peop le  w i l l  t h i n k  w e  are o f f e r i n g  a metal a i r c r a f t .  
R.  Doerpinghaus 
GROB G 110 data 
S t a t u s  November 1981 
Manufacturer  
t y p e  GllO 
Arc0 LlCO'*'"l 
TC 223 
e n g i n e  0.235-H' 
power kW 87 
HP 118 
rPm 2800 
f o r  
a i r s  crew 
crew 2 
span  m 10.6 
l e n g t h  m 6 .9  
wing area m2 12.2 
a s p e c t  r a t io  9.2 
p r o f i l e  Epp le r  E 789 
c a b i n  d imens ions  
l e n g t h  m 1 . 7  
h e i g h t  m 1.15 
width  m 1 .28 
empty weight  kg 560 
f u e l ,  max l / k g  140/100 
payload kg 240 
t a k e o f f  w t .  max kg 900 
area l o a d i n g  kg/m 73.5 
baggage, max kg 40 
a d d l .  load kg 340 
max a l lowed speed  k t s  189 
k m h  350 
max speed  f o r  normal 
f l i g h t  k t s  c a  156 
km/g c a  290 
maneuver speed  k t s  118 
km/h 220 
t r a v e l  speed  75% (2000m) 
k t s  135 
km/h 250 
r ange  f o r  75% power NM 648 
kin 1 2 0 0  
f u e l  consup t ion  f o r  
75% power l / h  25 
consumption f o r  100 km 
range  1 0  
/1555 
t y p e  G l l O  
s t a l l  speed  f l a p s  
r e t r a c t e d  km/h 95 
f l a p s  deployed km/h 82 
a s c e n t  performance 
ma x m / s  4 .8  
l a n d i n g  r o l l  d i s t a n c e  
a t  a l t i t u d e  NN 
c o n c r e t e  m 210  
grass m 250 
t a k e o f f  distance o v e r  
15-m o b s t a c l e  m 
grass m 5 30 
c o n c r e t e  m 470 
l a n d i n g  d i s t a n c e  o v e r  
1 5 - m  obstacle  m 420 
l a n d i n g  r o l l  d i s t a n c e  m 200 
1 7  
